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Fig. 2. Receiver model of the DS-CDMA system investigated using noncoherent M-ary demodulation, multipath diversity combining, maximum-likelihood
detection (MLD), erasure insertion based on the RTT, deinterleaving, and RS “errors-and-erasures” decoding.
where . The phases
of the different paths are assumed to be uniformly distributed
random variables in , while the th user’s path delays
of are modeled as random variables
that are mutually independent of each other and uniformly dis-
tributed in . We also assume that ideal power control is
employed, in order that the received signal powers are the same
for all users. Then the received signal at the base station gen-
erated by the users can be expressed as
(6)
where
(7)
represents the AWGN, which is modeled as a random
variablewithzeromeananddouble-sidedpowerspectraldensity
of . After the receiver’s bandpass filter, the noise
becomes a narrow-band noise process, which can be expressed
as [8]
(8)
where and representlow-pass-filteredGaussianpro-
cesses.
III. THE DETECTION MODEL
The receiver schematic of the studied DS-CDMA system in-
cluding noncoherent -ary demodulation, multipath diversity
combining, maximum-likelihood detection (MLD), RTT-based
erasure insertion, deinterleaving, and RS “errors-and-erasures”
decoding is shown in Fig. 2, where the square-law-based non-
coherent -ary demodulation block is the same as that used in
[8], and hence the interested readers are referred to [8] for fur-
therdetails.MultipathdiversitycombininginvokingtheEGCor
the SC principle was implemented in the “EGC or SC” block.
The MLD block selects the largest from its input variables and
computes the value of —the ratio of the largest to the second
largest of the MLDs inputs. Following the MLD stage, the next
block may output an -ary RS code symbol or insert an era-
sure.Finally,aftersymbol-baseddeinterleaving,theRSdecoder
invokes “errors-and-erasures” decoding and then outputs the re-
ceived information bits.
As shown in [8, Fig. 4], the outputs of the low-pass filters of
thein-phase( )and quadrature( ) channelsare firstmultiplied
by the spreading sequences, and the resulting signals are corre-
lated with each of the orthogonal Walsh–Hadamard func-
tions. Let the th user be the user of interest and assume that the
th symbol was transmitted. According to Jalloul and Holtzman
[8], the output variable of the th branch of the th correlator
in Fig. 2 can be expressed as [8]
(9)
UponassumingthatGaussianapproximationofthemultipath
interference and that of the multiple access interference can be
employed,consequently, isthesumofthesquareoftwo
Gaussianrandomvariables,eachhavingavarianceof[8][(28)]w
(10)
where , as we assumed in (5).
Since is the sum of the square of two Gaussian
random variables, it can be shown that, conditioned on ,
becomesChi-squaredistributed[22]withtwodegrees
of freedom, and its PDF can be expressed as
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Fig. 4. Codeword decoding error probability versus the average SNR
per bit, ￿ and the threshold, ￿ for the RS(32,20) FEC code using
“errors-and-erasures” decoding over Rayleigh fading channels, evaluated from
(51)–(62).
error probability than the minimum seen in the figure. More-
over, we observe again that for both the EGC and SC schemes,
the optimum threshold assumes values around 1.5–2.0, when
the number of simultaneous users changes over a large dynamic
range from about 20–100. However, due to the multiple-access
interference, the codeword decoding error probability for any
givenvalueofthresholdincreasesdramatically,whenincreasing
the number of simultaneous users .
In summary, from Figs. 4 and 5, we gain an explicit insight
into the characteristics of Viterbi’s RTT over the dispersive
Rayleigh fading channels studied, suggesting that the optimum
threshold was typically around 1.5–2. Since the optimum
threshold can be derived numerically for a given number of
Fig. 5. Codeword decoding error probability versus the number of
simultaneous users, K and the threshold, ￿ for the RS(32,20) FEC code using
“errors-and-erasures” decoding over Rayleigh fading channels. The results
were evaluated from (51)–(62).
simultaneous users , and for a given average SNR per bit ,
in our further investigations we have assumed that the optimum
threshold was employed, whenever “errors-and-erasures” de-
coding was used. However, the optimum threshold depends on
theSNRperbitandslightlyincreases,whenincreasingtheSNR
per bit value.
In Fig. 6 we evaluated the codeword decoding error prob-
ability of an -ary DS-CDMA system employing either
“error-correction-only” or “errors-and-erasures” decoding.
We assume that there were resolvable paths, and
or paths were actually combined in the
receiver using an EGC [Fig. 6(a)] or SC [Fig. 6(b)] scheme.
Again, we also assumed that an optimal threshold was
employed for any given value of the average received SNR per
bit. The remaining parameters were specified in the figures.2250 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 18, NO. 11, NOVEMBER 2000
Fig. 8. Codeword decoding error probability versus the number of
simultaneous users, K for various RS FEC codes using “error-correction-only”
decoding (ECOD) and “errors-and-erasures” decoding (E D) at different
code rates with parameters of M = N =6 4 , K =3 2 ; 40; 48; and 56, i.e.,
R =1 =2; 5=8; 3=4 and 7=8, ￿ =2 0dB, N = 128, L = L =3over
dispersive Rayleigh fading channels.
decoding scheme using “errors-and-erasures” employing RTT
outperformed the arrangement using “error-correction-only”
decoding. For a constant codeword decoding error probability
and for a given code rate, the DS-CDMA systems employing
RS codes using “errors-and-erasures” decoding can support
4 to 8 more simultaneous users at the codeword decoding
error probability of than those employing “error-correc-
tion-only” decoding.
VII. CONCLUSION
In summary, in this paper the performance of RS-coded
DS-CDMA systems using “errors-and-erasures” decoding has
been investigated and compared to that using “error-correc-
tion-only” decoding over dispersive multipath Rayleigh fading
channels, when noncoherent -ary orthogonal modulation
and diversity reception using EGC or SC schemes were con-
sidered. Viterbi’s RTT technique has been studied, in order
to quantify the reliability of the received RS coded symbols.
The symbols having a low-confidence were erased before RS
“errors-and-erasures” decoding. The PDFs associated with the
RTT under the hypotheses of correct detection and erroneous
detection of the -ary signals have been derived and the op-
timum thresholds have been determined. Our numerical results
showed that by using “errors-and-erasures” decoding associ-
ated with the RTT, RS codes of a given code rate can achieve
a higher coding gain than upon using “error-correction-only”
decoding without erasure information. DS-CDMA systems
using the proposed “errors-and-erasures” decoding could also
support more simultaneous users than without erasure informa-
tion. Moreover, the numerical results showed that the optimum
threshold for the RTT over multipath Rayleigh fading channels
was around [1.5, 2] for the practical range of average SNR per
bit values and for a given number of simultaneous users.
APPENDIX
THE DERIVATION OF (37)
In this Appendix we derive the correct symbol probability,
, of the SC scheme. associated with the SC
scheme can be expressed in the form of (35) with and
given by (28) and (31), respectively. In order to derive a
general result, we let and . Then, (28)
and (31) can be expressed as
(63)
(64)
With the aid of (63), it can be shown that
(65)
Substituting (64) and (65) into (35), of the SC scheme
can be expressed as
(66)
Upon using the relationship of
(67)
the integral in (66) can be expressed as
(68)
Substituting the aboveequation into (66) and letting ,
it can be shown that can be expressed as
(69)